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METHOD AND APPARATUS FOR AUTOMATIC PIN DETECTION IN 
MICROARRAY SPOTTING INSTRUMENTS 

Background of the Invention 

Field of the Invention 

5 The present invention relates generally to microarray spotting instruments and, more 

particularly, to a method and apparatus for detecting the presence of pins at particular 
locations in a printhead of such instruments. 

Description of Related Art 

As is well known (and described, e.g., in U.S. Patent No. 5,807,522 issued to Brown 

10 et al. and in "DNA Microarrays: A Practical Approach," Schena, Mark, New York, Oxford 
University Press, 1999, ISBN 0-19-963776-8), microarrays are arrays of very small samples 
of purified DNA or protein target material arranged as a grid of hundreds or thousands of 
small spots on a solid substrate. When the microarray is exposed to selected probe material, 
the probe material selectively binds to the target spots only where complementary bonding 

15 sites occur, through a process called hybridization. Subsequent quantitative scanning in a 
fluorescent microarray scanner may be used to produce a pixel map of fluorescent intensities 
(See, e.g., U.S. Patent No. 5,895,915 issued to DeWeerd et al.). This fluorescent intensity 
map can then be analyzed by special purpose quantitation algorithms, which reveal the 
relative concentrations of the fluorescent probes and hence the level of gene expression, 

20 protein concentration, etc., present in the cells from which the probe samples were extracted. 

The microarray substrate is generally made of glass that has been treated chemically 
to provide for molecular attachment of the spot samples of microarray target material. The 
microarray substrate is generally of the same size and shape as a standard microscope slide, 
about 25 mm x 75 mm x 1 mm thick. The array area can extend to within about 1.5 mm of 

25 the edges of the substrate, or can be smaller. The spots of target material (typically DNA) are 
approximately round. The spot diameter usually varies from about 75 microns to about 500 
microns, depending on the dispensing or spotting technique used. The center-to-center 
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spacing between the spots usually falls into the range of 1.5 to 2.5 spot diameters. 

Figure 1 A, which is not drawn to scale, is a top view of a prior art microarray 100. In 
this drawing, each of the circles represents a tiny spot of target material that has been 
deposited onto a rectangular glass substrate 101. The spots are shown magnified relative to 
5 the substrate 10 L For convenience of illustration, only a few spots (a six by six array) are 
shown covering a small area of the substrate. However, thousands of spots are usually 
deposited in a typical microarray, and the spots may cover nearly the entire substrate. 

There are several well known methods of depositing the spots onto the substrate of a 
microarray, and instruments that deposit the spots are typically referred to as "spotting 

10 instruments." One such instrument works similarly to an ink-jet printer, where a few 

microliters of sample are aspirated by vacuum out of a sample reservoir into a hollow tube or 
needle. One or more droplets of the sample are then ejected from a nozzle end of the tube 
onto the substrate to form a spot. 

Other spotting instruments use pins as spot dispensers. This method of spotting 

15 generally comprises (1) dipping a pin into the liquid sample in a sample reservoir where some 
amount is taken up by capillary action or surface tension, (2) moving the pin to a 
predetermined location above a microarray substrate (typically using a robotic arm), and (3) 
lowering the pin until its tip makes contact with the substrate. Some of the sample material is 
transferred to the substrate by either inertia or surface tension to form a microarray spot. 

20 Pins are commercially available in several distinct forms. The simplest pins are solid. 

Figure IB shows an example of such a prior art solid pin 102, which includes a pinhead 104 
and a shaft 106. Both the pinhead 104 and the shaft 106 are generally cylindrical and 
coaxially arranged. The diameter of the shaft 106, which is about 1 mm, is less than the 
diameter of the pinhead 104. One end or tip 107 of the shaft 106 is tapered or sharpened, and 

25 the other end is attached to or integral with the pinhead 104. The tip typically includes a 
small flat, and the area of the flat (along with the surface properties of the sample liquid and 
the microarray substrate) determine the size of the spot that the pin will form. Solid pins are 
simple and robust, but in being dipped into the target material in a well typically only take up 
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enough material to form one spot. This then requires the spotting instrument to dip the pin 
once for every microarray spot that is to be printed. 

Other types of known pins can hold enough target material from a sample reservoir to 
form several, perhaps even hundreds, of spots before they need to be re-dipped in the 
5 reservoir. One such type of pin (not shown) is formed from a hollow cylindrical tube with an 
axial slot cut in the tip ( See, e.g., U.S. Patent No. 5,770,151 issued to Roach et al). This pin 
draws up sample liquid into the tube and slot by capillary action, and deposits it in small 
amounts onto the substrate by capillary action upon contact with the microarray substrate. 
The uptake volume of the pin is sufficient to form dozens of spots by subsequent contact with 

10 other microarray substrates in the batch being processed. 

Another type of multi-spot dispensing pin is a solid "two-piece" pin (not shown), 
which has a gap or slot at the shaft tip. This type of pin draws fluid into the gap or slot by 
capillary action, and deposits a small amount onto the substrate by the inertia of the fluid 
when the pin is rapidly decelerated by lightly tapping it on the substrate. Again, the amount 

15 dispensed to form a spot is small compared to the sample uptake volume, so that each dip of 
the pin into sample liquid takes up enough sample material to form dozens of spots. 

Yet another type of multi-spot dispensing pin available, e.g., from TeleChem 
International, Inc., is similar in appearance to the two-piece pin, but operates somewhat 
differently. These pins are solid, with a pyramidal taper at the tip that ends in a small square 

20 flat. A small slot is cut across the tip, providing a reservoir for holding sample liquid. The 
tip of the pin is then squeezed or bent slightly to bring the two segments of the slotted tip 
closer together. In use, these slotted pins are dipped into sample liquid, where a small 
quantity (e.g., a fraction of a microliter) of sample is taken up into the slot by capillary action. 
The specific geometry and material of the pin also causes a very small amount of liquid in the 

25 slot to wick out onto the two segments of the split pin tip. Then, the pin is brought into 

contact with the microarray substrate where capillary action attracts the portion of sample that 
is on the pin tip and forms a spot. 

Each type of pin must be manufactured to very precise tolerances to insure that each 
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spot formed by the pin will be of controlled size. As a result of these demanding 
specifications, the pins are expensive (e.g., a single pin typically costs several hundred 
dollars). Also, the pins are very fragile given that the pin tips are so small and precisely 
shaped. Consequently, to avoid damage, the tips can only be subjected to a very small force 
5 when they are placed in contact with the substrate or any other solid object. 

Spotting instruments typically form microarrays in batches. For example, in a single 
"run", a spotting instrument may form up to 100 identical microarrays. After forming enough 
spots to complete the batch of microarrays being spotted, the pins generally need to be 
washed (to remove any excess liquid target material), and then dried before they can be 

10 dipped into another reservoir of target material. So the process of forming microarrays with a 
"pin-type" spotting instrument includes steps of (1) positioning a pin over a reservoir of target 
material; (2) dipping the sharp end of the pin into the reservoir; (3) withdrawing the sharp end 
of the pin from the reservoir; (4) moving the pin over a selected location within the active 
area of a microarray; (5) lowering the pin to bring the sharp end of the pin into contact with 

15 the microarray substrate to form a single spot of controlled size at the selected location; (6) 
repeating steps (4) and (5) until the pin's supply of target material is exhausted or until the 
desired number of spots have been placed on the batch of microarrays being produced; (7) 
raising the pin to separate the sharp end of the pin from the substrate; (8) washing the pin by 
either placing the pin in a stream of cleaning solution or by dipping the pin into a reservoir of 

20 cleaning solution; and (9) drying the pin. The spotting instrument repeats all of these steps 
numerous times to form a single microarray. 

Since microarrays typically include thousands of spots, using only a single pin to form 
the microarray would be extremely time consuming. Accordingly, spotting instruments are 
typically designed to simultaneously manipulate several pins. Figures 1C, ID, and IE show 

25 side, top, and perspective views, respectively, of a simplified printhead 1 10 that can 

simultaneously hold up to sixteen pins 102. Printhead 1 10 is a block of material, typically 
metal, that includes an array of sixteen through-holes or apertures 112. The apertures 1 12 are 
slightly larger than the outer diameter of the pin shafts 106 so the shafts can extend through 
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the apertures 112. The apertures 1 12 are also smaller than the outer diameter of the pinheads 
104 so that when the pin shaft is dropped into one of the apertures 112, the pinhead 104 will 
be supported by the upper surface of the printhead 1 10. The pins are thereby "slip-fit" into 
the apertures of the printhead. Figures IF and 1G show side and top views, respectively, of 
5 the printhead with sixteen pins mounted therein. 

Figure 1H illustrates printhead 1 10 being lowered to place the tips of the pins 102 into 
contact with substrate 101 and thereby simultaneously forming sixteen spots of target 
material on the substrate. As shown, the printhead is generally lowered about 1 mm further 
than needed to place the tips of the pins in contact with the substrate 10 L The slip-fit allows 

10 the upper surface of the printhead to be lowered beneath the bottom of the pin heads without 
imparting any significant force to the tips of the pins. The printhead is preferably lowered 
sufficiently slowly so that the force applied to the tips of the pins (1) is principally determined 
by the weight of the pin plus a minor additional force due to the friction of the slip-fit and (2) 
is not significantly affected by inertial forces. The act of lowering the printhead to place the 

15 tips of the pins in contact with the substrate and thereby forming spots on the microarray is 
commonly referred to as "printing." 

Pins sometimes get stuck in an 'up' or raised position in the printhead, i.e., the 
position shown in FIGURE 1H. Pins generally weigh 0.4 - 1.0 grams and rely on gravity to 
pull them down so that the pin head rests on the top surface of the printhead when the 

20 printhead is lifted (as shown in FIGURE IF). Friction resulting from, e.g., dirt or finger oil 
on the pin shaft or a slightly bent shaft, can prevent the pin from properly falling down to its 
rest position. If a pin gets stuck in the up position, it is not useful for printing. A need thus 
exists for a method and apparatus for quickly and accurately determining whether there are 
any pins in the printhead that are stuck in an up position. 

25 Commercially available printheads provide between 4 and 72 apertures, thereby 

accommodating between 4 and 72 pins. Commercially available reservoirs provide a 
plurality of wells, or individual reservoirs, and permit each pin mounted in a printhead to be 
dipped into a separate well. Two popular reservoirs useful for producing microarrays are the 
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"96-well plate" and the "384-well plate." Each of these plates provides a rectangular array of 
wells, each well being capable of holding a unique sample of liquid target material. Figure II 
shows a top view of a 96-well plate. In 96 well plates, the centers of the individual reservoirs 
are separated by 9.0 mm, and in 384-well plates, the centers of the individual reservoirs are 

5 separated by 4.5 mm. The centers of adjacent apertures in commercially available printheads 
are correspondingly separated by either 9.0 or 4.5 mm. Pin-type spotting instruments 
generally include mechanisms for holding or manipulating one or more plates (e.g., either 96- 
well or 384-well), a printhead, a robotic manipulator for controlling the movement of the 
printhead, mechanisms for holding a plurality of substrates, a pin washer, and a dryer. 

10 In many spotting instruments, the printhead is readily accessible to the user, and the 

user configures the printhead with the number and arrangement of pins as desired. Often, a 
printhead that can accommodate 32 or more pins is populated with only 4, 8, or 16 pins. The 
printhead may not be fully populated for several reasons. First, the user might desire a 
compact pattern of spots in the finished microarray. For instance, an array made with a fully 

1 5 populated 48-pin printhead would probably be 1 8 mm x 54 mm in extent. That size of an 
array is large enough to require a large amount of fluorescent probe material to cover it, and 
to require special care to ensure that the hybridization reaction of the probe is uniform. 
Second, the pin spacing in the printhead might not correspond to the well spacing in the well 
plates. For example, 96-well plates have wells on 9.0 mm centers, and 384-well plates have 

20 wells on 4.5 mm centers. If a printhead with 4.5 mm pin spacing is used with a 96-well plate 
for spotting, then only every fourth hole in the printhead can be populated with a pin, or else 
all the pins will not be aligned with wells in the plate. Third, the user might not have enough 
pins available to fill a printhead. Pins can easily be damaged, and are expensive. Many users 
do not invest in a complete set of pins while they are initially qualifying their microarray 

25 process, and/or may not immediately replace a damaged pin. 

Spotting instruments include robotic manipulator aims that are driven through a 
series of repetitive motions by one or more computer controllers. The printhead and/or 
microarray sample plates and/or microarray substrates are moved by robotic arms relative to 
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one another in three dimensions (i.e., X, Y and Z axes). As previously mentioned, a spotting 
cycle includes sample uptake (dipping pins in particular wells of a particular plate), spotting 
(depositing spots of the sample in particular locations on one or more microarray substrates), 
then washing and drying the pins on the printhead. Each subsequent printing cycle is 
5 performed with the printhead 's pin positions indexed to dip into the next series of wells on 
the plate (or on the next plate) and to print on the next spot positions on a substrate. The 
instrument's controller keeps track of and controls the indexing of positions of the sample 
uptake and printing motions for each cycle. 

In commercially available pin-type spotter instruments, for a controller to perform 

10 these positioning tasks, the parameters of which printhead positions are occupied by pins 

must be known and entered into the controlling program. In known spotting instruments, this 
information is manually entered by the user, either as alphanumerical information or using a 
graphical user interface display. If the user mistakenly enters incorrect pin location 
information, spotting errors and even damage to the pins can occur. Pin location can usually 

15 be readily determined by visual inspection when the printhead is small and with few pins. 
However, with a printhead having a capacity of 32 pins or greater and dozens of pins, it is 
tedious and error prone to determine pin positions and enter them manually into the 
controlling computer. A need thus exists for a method and apparatus for quickly and 
accurately determining pin positions in pin-type spotter instruments. 

20 

Brief Summary of the Invention 

A method and apparatus are provided for automatically sensing the presence (or 
absence) of spot dispensers such as pins in various possible mounting locations in the 
printhead of a microarray spotting instrument. Pin-location data obtained by the method and 
25 apparatus is provided to the computer controller of the instrument, which uses the data to 
control the motion of the printhead during operation of the instrument. A pin detection 
apparatus in accordance with the invention includes one or more sensor elements that 
automatically sense possible pin locations in the printhead for the presence of pins. The 
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sensor elements are preferably arranged in an array corresponding to the array of pin 
locations in the printhead so that pin detection at each pin location can be performed 
simultaneously. The pin detection apparatus also preferably detects whether there are any 
pins stuck in an 'up' position during a printing operation. 
5 Various types of sensor elements can be used to locate pins in a printhead in 

accordance with the invention. For example, sensors can be used that are remote from or 
attached to a printhead. Pin sensors can be used that sense pin locations from various 
positions relative to the printhead including above or below the printhead. Also, pin sensing 
in accordance with the invention can be by contact or non-contact mechanisms. 
10 The inventive method and apparatus allow pin positions in a printhead to be quickly 

and accurately determined, and without significant risk of damaging the pins, which are 
fragile. 

These and other features and advantages of the present invention will become readily 
apparent from the following detailed description wherein embodiments of the invention are 

15 shown and described by way of illustration of the best mode of the invention. As will be 
realized, the invention is capable of other and different embodiments and its several details 
may be capable of modifications in various respects, all without departing from the 
invention. Accordingly, the drawings and description are to be regarded as illustrative in 
nature and not in a restrictive or limiting sense with the scope of the application being 

20 indicated in the claims. 



Brief Description of the Drawings 

For a fuller understanding of the nature and objects of the present invention, reference 
should be made to the following detailed description taken in connection with the 
accompanying drawings wherein: 
25 Figure 1 A is a top view of a prior art microarray. 

Figure IB is a side view of a prior art pin. 
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Figures 1C, ID, and IE are side, top, and perspective views, respectively, of a prior 
art printhead. 

Figures IF and 1G are side and top views, respectively, of the printhead shown in 
Figures 1C, ID, and IE with sixteen pins mounted therein. 
5 Figure 1H is a side view of the printhead shown in Figures IF and 1G shown being 

lowered onto a substrate to bring the pins mounted in the printhead into contact with the 
substrate to form spots of a microarray. 

Figure II is a top view of a prior art 96- well plate. 

Figure 2 is a simplified block diagram of a spotting instrument in accordance with the 
10 invention. 

Figure 3A is a bottom view of a pin detection apparatus in accordance with one 
embodiment of the invention. 

Figure 3B is a side view of the Figure 3 A pin detection apparatus shown in use 
detecting the presence of pins in a printhead. 
15 Figure 4A is a top view of a pin detection apparatus in accordance with another 

embodiment of the invention. 

Figure 4B is an enlarged perspective view of a sensor element of the Figure 4 A 
apparatus. 

Figure 5 A is a top view of a pin detection apparatus having strain gage units in 
20 accordance with another embodiment of the invention. 

Figure 5B is a side view of the Figure 5 A pin detection apparatus shown in use 
detecting the presence of pins in a printhead. 

Figure 6 A is a top view of a pin detection apparatus using piezoelectric sensor 
elements in accordance with another embodiment of the invention. 
25 Figure 6B is a side view of the Figure 6 A pin detection apparatus shown in use 

detecting the presence of pins in a printhead. 

Figure 7 A is a top view of a pin detection apparatus using micro-switch sensor 
elements in accordance with another embodiment of the invention. 
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Figure 7B is a side view of the Figure 7 A pin detection apparatus shown in use 
detecting the presence of pins in a printhead. 

Figure 8A is a top view of a pin detection apparatus using capacitive sensor elements 
in accordance with another embodiment of the invention. 

Figures 8B and 8C are enlarged perspective views of examples of capacitive sensors 
usable in the Figure 8A apparatus. 

Figure 9A is a top view of a pin detection apparatus using inductive sensor elements 
in accordance with another embodiment of the invention. 

Figure 9B is an enlarged perspective view of an inductive sensor in the Figure 9 A 
apparatus. 

Figure 10 is an enlarged perspective view of an alternative inductive sensor usable in 
the Figure 9A apparatus. 

Figure 1 1 is a perspective view of a pin detection apparatus using a vacuum 
mechanism in accordance with another embodiment of the invention. 

Figure 12 is a side view of a pin detection apparatus using optical sensing in 
accordance with another embodiment of the invention. 

Figure 13 is a bottom view of a pin detection apparatus using optical sensing in 
accordance with another embodiment of the invention. 

Figure 14 is a side view of a pin detection apparatus using optical sensing in 
accordance with another embodiment of the invention. 

Figure 15 is a side view of a pin detection apparatus using optical sensing in 
accordance with another embodiment of the invention. 

Like reference numerals denote like parts in the drawings. 

Detailed Description of Preferred Embodiments 

The present invention is generally directed to a method and apparatus for 
automatically sensing the presence (or absence) of spot dispensers such as pins in various 
possible mounting locations in the printhead of a microarray spotting instrument. Pin- 
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location data obtained by the method and apparatus is provided to the computer controller of 
the instrument, which uses the data to control the motion of the printhead during operation of 
the instrument. More specifically, the controller utilizes the pin location data to determine the 
proper positioning coordinates for the printhead in subsequent sample uptake and microarray 

5 spot printing operations for one or more of microarrays being printed. Pin sensors can also 
report an error condition to a user. 

Pin location sensing in accordance with the invention can be performed as needed at 
any time during use of the instrument. However, the inventive system is particularly useful 
for automating the initialization process of microarray spotting instrument operation on a 

10 batch of microarrays. Pin location will ordinarily need only to be determined at the beginning 
of a printing operation on a batch of microarrays since pin configuration in a printhead is not 
expected to change during printing of the batch. 

The inventive pin sensing method and apparatus can also preferably be used for 
detecting whether there are any pins that are stuck in an up or raised position (Le., pins that 

15 remain raised relative to the printhead when the printhead is lifted away from a substrate 
during a printing operation). If any pins are determined to be stuck in an up position, 
operation of the spotting instrument can be stopped and/or the instrument operator can be 
alerted. Also, as will be discussed below, if a pin is found to be stuck in an up position, the 
spotting instrument can automatically reconfigure the instrument control sequence to avoid 

20 using the stuck pin using a pin lifter mechanism. 

Figure 2 is a simplified block diagram of a spotting instrument 200 in accordance with 
the invention. The instrument 200 includes a computer controller 210 (e.g., a microprocessor 
controller), a printhead 1 10, a printhead positioning mechanism 212 (e.g., one or more robotic 
manipulator arms), a pin detection apparatus 216, a substrate station 218 for holding one or 

25 more substrates of a microarray, and a well station 220 for holding one or more reservoirs of 
liquid target material (e.g., a 96- well plate). The robotic manipulator arms 212 move the 
printhead 1 10 (and the apparatus 2 16 if it is attached to the printhead as will be described 
below) to locations selected by the controller 210. (While the positioning mechanism 
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normally moves the printhead relative to microarray substrates and well plates, it should be 
realized that the printhead could be kept stationary and the substrates and well plates be 
moved relative to the printhead. Alternatively, the printhead, substrates and well plates could 
all be movable.) 

5 Figures 3 A and 3B illustrate bottom and side views, respectively, of a pin detection 

apparatus 300 in accordance with one embodiment of the invention. The apparatus 300 
comprises a sensing plate having a plurality of individual sensing elements, namely electrical 
contacts 302. The sensing plate can comprise, e.g., a printed circuit board (PCB) structure. 
The electrical contacts 302 are arranged in an array corresponding to the array of possible pin 

10 locations in a printhead. (For example, as shown, the sensing plate can have 16 contacts 
arranged to correspond to the 16 pin apertures in a 16-pin printhead.) In use as shown in 
Figure 3B, the positioning mechanism (Le.., a robotic manipulator arm 212) is used to align 
the printhead 1 10 below the sensing plate such the contacts in the plate are each aligned with 
a corresponding pin aperture in the printhead 1 10. Then, the top of the printhead 1 10 is 

15 moved toward the sensing plate with an upward (i.e., Z-axis) motion of the positioning 

mechanism to bring the pinheads 104 of pins 102 in the printhead 1 10 into contact with the 
contacts 302 in the sensing plate. 

As previously mentioned, printheads and pins typically comprise a conductive 
material such as metal. The presence of pins in each pin aperture in the printhead can 

20 accordingly be electrically sensed. In accordance with the invention, voltage is applied to the 
print head (and thereby to the pins, which are in contact with the printhead). The contacts in 
the sensing plate are grounded. (Alternatively, the printhead is grounded and voltage is 
applied to the sensing plate contacts.) Electrical conduction is sensed at each contact 
individually to determine whether a pin is present in the corresponding pin location. A signal 

25 indicative of whether conduction is sensed at each contact is generated and transmitted to the 
controller 210. 

The voltage source preferably applies alternating current (AC) to the printhead (or 
alternatively to the sensing plate contacts). AC is preferred since it is likely to provide better 
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results than direct current (DC) as some percentage of it can be capacitively coupled, which 
may be needed if there is poor electrical contact between the contact and the pin from, e.g., 
oxidation of the parts. AC at a frequency of 1-100 kHz and a voltage of 5-10 volts peak-to- 
peak is preferably provided to improve conduction through oxidation. 
5 The contacts in the sensing plate are configured to provide reliable electric contact 

with the pinheads. The contacts are preferably compliant to provide satisfactory contact 
across entire array of pins, as the heights of the pin heads might not be held within tight 
enough tolerance or may be slightly recessed. The contacts can, e.g., comprise spring pins, 
conductive rubber pads, or some type of elastomer such as that used in LCD applications. 

10 One advantage of the sensor apparatus 300 is that it senses the presence or absence of 

pins 102 without contacting the fragile pin tips 107. Therefore, sensor apparatus 300 can 
operate without risking damage to the pins. Since the pinheads 104 are relatively rugged, 
significant force can be applied by the sensor elements to the pinheads. 

Figures 4A and 4B illustrate an alternative pin sensing apparatus 400 in accordance 

15 with another embodiment .of the invention. Figure 4 A is a top view of the apparatus 400. 
Like the apparatus 300, the apparatus 400 comprises a sensing plate having a plurality of 
contacts 402 in, e.g., a PCB structure. The contacts are arranged in an array corresponding to 
pin aperture locations in a printhead. The apparatus 400 is intended to sense the presence of 
pins 102 in the printhead through contact with the tips 107 of pins. Figure 4B is an enlarged 

20 view of a pin tip 107 engaging a contact 402 in the sensing plate. As shown, the contact 
preferably comprises an annular sensing area formed, e.g., as a PCB type probe hole. 

In use, the positioning mechanism (i.e., robotic manipulator arm 212) is used to align 
the printhead 1 10 above the sensing plate such the contacts in the plate are each aligned with 
a corresponding pin location in the printhead 1 10. Then, the printhead 1 10 is moved toward 

25 the sensing plate with an downward motion of the positioning mechanism to bring the tips 
107 of the pins 102 in the printhead 1 10 into contact with the contacts 402 in the sensing 
plate. As shown in FIGURE 4B, the tips 107 are inserted into the holes in the contacts 402. 
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As with the apparatus 300, voltage is applied to the printhead (and thereby to the pins, 
which are in contact with the printhead). The contacts in the sensing plate are grounded. 
(Alternatively, the printhead is grounded and voltage is applied to the sensing plate contacts.) 
Electrical conduction is sensed at each contact individually to determine whether a pin is 
5 present in the corresponding pin location. A signal indicative of whether conduction is 
sensed at each contact is generated and transmitted to the controller 210. 

As with the apparatus 300, AC is preferably used in the voltage source since AC is 
likely to perform better than DC as some percentage of it can be capacitively coupled, which 
may be needed if there is poor contact from, e.g., oxidation. AC at a frequency of 1-100 kHz 
10 and a voltage of 5-10 volts peak-to-peak is preferably provided to improve conduction 
through oxidation. 

The configuration of the contact 402 as a probe sensing area is advantageous in 
reducing damage to fragile pin tips since the pin tips are received in holes in the contacts 402. 
Figures 5 A and 5B illustrate a pin detection apparatus 500 in accordance with a 

15 further alternative embodiment of the invention. The apparatus 500 comprises a sensing plate 
having a plurality of strain gage units 502 for detecting physical contact with pins in a 
printhead. As is well known, strain gages include a strain sensitive element such as a metallic 
wire affixed to a surface. As the surface becomes strained (as a result, e.g., of a weight being 
applied to the surface), the wire stretches, undergoing a change in electrical resistance that is 

20 proportional to the change in strain. Circuitry such as a Wheatstone bridge circuit can be 
used for measuring the changes in resistance. 

The strain gage units 502 are preferably arranged in an array corresponding to the 
array of possible pin locations in a printhead 1 10, In operation, the printhead is positioned 
above and aligned with the sensing plate using the positioning mechanism 212. The 

25 printhead is then lowered onto the pin sensing plate 500 such that the tips 107 of pins 102 in 
the printhead are in contact with and the pins are supported by corresponding strain gage 
units in the sensing plate 500. Strain will be induced in each strain gage unit in contact with a 
pin tip from the pin weight. The presence of induced strain in a given strain gage unit will 
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thereby indicate the presence of a pin in a corresponding pin location in the printhead. 

Figures 6 A and 6B illustrate a pin sensor apparatus 600 in accordance with yet 
another embodiment of the invention. The apparatus 600 is similar to the apparatus 500 in 
that it comprises a pin sensing plate having a plurality of sensor elements. However, instead 
5 of using an array of strain gage units 502, an array of piezoelectric sensor elements 602 are 
used for detecting the presence of pins in a printhead. As is well known, piezoelectric 
materials generate an electrical charge when mechanically strained. 

The piezoelectric sensor elements 602 are preferably arranged in an array 
corresponding to the array of pin locations in a printhead 1 10. In operation, the printhead 1 10 
10 is aligned with and lowered onto the pin sensing plate 600, bringing the tips 107 of pins 102 
in the printhead 1 10 into contact with corresponding piezoelectric sensor elements 602 in the 
sensing plate 600. Electrical charge will be generated in each of the piezoelectric sensor 
elements 602 in contact with a pin tip 107 from the pin weight. Charge detected in a given 
piezoelectric sensor element 602 will thereby indicate the presence of a pin 102 in a 
15 corresponding pin location in the printhead 1 10. 

Figures 7A and 7B illustrate a pin sensor apparatus 700 in accordance with yet 
another embodiment of the invention. The pin sensor apparatus 700 comprises a sensing 
plate having a plurality of low force micro-switches 702 for detecting the presence of pins in 
a printhead. 

20 The micro-switches 702 are preferably arranged in an array corresponding to the array 

of pin locations in a printhead 1 10. In operation, the printhead 1 10 is aligned with and 
lowered onto the pin sensing plate 700, bringing the tips 107 of pins 102 in the printhead 110 
into contact with corresponding micro-switches 702 in the sensing plate 700. Mechanical 
contact between a pin tip 107 and a micro-switch 702 will activate the micro-switch (even at 

25 low force), which will thereby indicate the presence of a pin in a corresponding pin location 
in the printhead. 

Figures 8A-8C illustrate a pin detection apparatus 800 in accordance with yet another 
embodiment of the invention. The apparatus 800 comprises a sensing plate preferably having 
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a PCB structure and including multiple proximity sensors, preferably capacitive sensors 802, 
for detecting the presence of pins in a printhead. The capacitive sensors 802 are arranged in 
an array corresponding to the array of pin locations in a printhead 110, The capacitive 
sensors 802 are capable of sensing when a pin tip 107 is in proximity with the sensor, even if 
5 the pin tip is not in contact with the sensor. 

In operation, a high frequency AC signal (e.g., in the range of 1-100 kHz) is applied to 
the printhead 1 10. The printhead 1 10 is moved into alignment with and towards the pin 
sensing plate 800, bringing the tips 107 of pins 102 in the printhead 110 into proximity with 
corresponding annular sensors 802 in the sensing plate 800. Each sensor includes an 

10 oscillator whose frequency is determined by an inductance-capacitance (LC) circuit 

connected to the sensor. As the pins 102 in the printhead 110 are moved near respective 
sensors, the mutual capacitance changes the oscillator frequency. Detection of this change 
will indicate the presence of a pin in a corresponding pin location in the printhead 1 10. No 
change will indicate the absence of a pin. 

15 Figures 8B and 8C illustrate examples of different shapes (802 and 802') of sensors. 

To improve sensor performance, the sensor is configured to improve dielectric coupling by 
having small capacitive gap widths and/or larger capacitive gap face areas. 

Figures 9 A and 9B illustrate a pin sensor apparatus 900 in accordance with yet 
another embodiment of the invention. The apparatus 900 comprises a sensing plate 

20 (preferably of PCB construction) including a plurality of inductive sensors 902 for detecting 
the presence of pins in a printhead. The inductive sensors are preferably arranged in an array 
corresponding to the array of pin locations in a printhead 110. The inductive sensors 902 
sense the presence of a pin tip preferably without contacting the pin. Each inductive sensor 
902 preferably comprises an air-core coil inductor, such as, e.g., a plastic bobbin wound with 

25 many turns of magnetic wire or the like. Insertion of the pin 102 in the center of the inductor 
902 will significantly increase its inductance, which is sensed as an impedance change in a 
circuit that passes AC current through the coiL 
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In operation, the printhead 110 is moved into alignment with and towards the pin 
sensing plate 900, inserting at least a portion of the tips 107 of pins 102 in the printhead 1 10 
into the center of corresponding inductive sensors 902 in the sensing plate 900. Changes in 
inductance at an inductive sensor 902 in the sensing plate 900 will indicate the presence of a 
5 pin 102 in a corresponding pin location in the printhead 1 10. No change will indicate the 
absence of a pin. 

Figure 10 illustrates an alternative inductive sensor 1002 that can be used in the 
sensing plate 900 instead of the sensor 902. The sensor 1002 comprises two adjacent (but 
separate) coils: a driver coil 1004 and a sense coil 1006. An AC current is applied to the 

10 driver coil 1004. Without the presence of a pin 102, there would be very little mutual 

coupling inductance between the coils 1004, 1006, and little AC current would flow through 
the sense coil 1006. However, if a metal pin 102 from the printhead 1 10 is inserted through 
the coils as shown, the coupling greatly increases, measurably increasing the AC current flow 
in the sense coil 1006. Measured current flow in the sense coil 1006 thereby indicates the 

15 presence of a pin 102 in the sensor 1002. No change will indicate the absence of a pin. 

The inductive sensors of Figures 9B and 10 can be implemented as one-coil or two- 
coil spiral or spiral-like configurations of the planar conductive traces on a printed circuit 
board. The two-coil mechanism is preferred with each coil having approximately three turns, 
with one three turn spiral trace coil on each side of the board. Driving one coil with square 

20 waves from a current source at about 10-100 kHz at about 300-400 mA (peak-to-peak) results 
in robust inductive detection of a pin in the other coil. This mechanism provides robustness 
without the cost and complexity of attaching and connecting multiple discrete wire coils on 
bobbins to a circuit board. 

Figure 1 1 illustrates a vacuum sensing apparatus 1 100 in accordance with another 

25 embodiment of the invention. The apparatus 1 100 comprises a sensing plate having a 
plurality of holes 1 102 for receiving tips 107 of pins 102 in a printhead, and a vacuum 
mechanism 1 104 for applying vacuum to the holes 1 102. The holes 1 102 are arranged in an 
array corresponding to the array of possible pin locations in the printhead. A pressure 
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transducer 1106 is provided at each hole to detect pressure changes. 

In operation, the printhead is moved into alignment with and towards the pin sensing 
plate 1100, inserting the tips 107 of pins 102 in the printhead 110 into corresponding holes 
1 102 in the sensing plate 1 100. At each hole in which a pin tip has been inserted, the pin at 
5 least partially obstructs the ambient airflow into the opening of the hole. Consequently, the 
vacuum increases (and pressures decreases) in the hole 1 102, and that pressure change is 
sensed by the respective pressure transducer 1104, indicating the presence of a pin 102 in a 
corresponding pin location in the printhead. 

Figure 12 illustrates an optical pin sensor apparatus 1200 in accordance with another 

10 embodiment of the invention. The apparatus 1200 includes an optical emitter plate 1202 and 
an optical detector plate 1204. The emitter plate 1202 includes a plurality of optical emitters 
1206 such as, e.g., light emitting diodes (LED). The optical emitters 1206 are arranged in an 
array corresponding to possible pin locations in a printhead 1 10. The optical detector plate 
1204 includes a plurality of optical detectors 1208 (e.g., photodiodes and phototransistors) 

15 also arranged in an array such that each optical detector 1208 is aligned with and can receive 
a light signal from an optical emitter 1206 of the emitter plate 1202. 

As shown in Figure 12, in use, the emitter and receiver plates 1202, 1204 are 
positioned on opposite sides of a printhead 1 10 (above and below the printhead) such that 
corresponding emitters, detectors and pin apertures are aligned. If an aperture is empty (Le., 

20 it does not contain a pin), light from the corresponding emitter 1206 will pass through the 
printhead 110 and be detected by its corresponding optical detector 1208, which will in 
response generate a signal indicating light detection. If there is a pin located in the aperture, 
light from the emitter will not be received by its corresponding optical detector and no signal 
will be output. In this manner, each aperture in the printhead 1 10 can be simultaneously 

25 examined to detect the presence or absence of a pin. 

While it is preferred that the various apparatus described above each include an array 
of sensor elements to simultaneously sense the presence or absence of pins in all pin locations 
in the printhead, the apparatus could be provided with one or only a few such sensor elements 
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relative to which the printhead is moved in order to sequentially sense whether a pin is 
present in each pin location. 

Figure 13 illustrates an optical sensor apparatus 1300 in accordance with yet another 
embodiment of the invention. Figure 13 is a bottom view of the printhead 1 10, showing an 
5 optical emitter 1302 and an optical detector 1304 of the apparatus 1300, horizontally scanning 
pins in the printhead. The emitter and detector are positioned on opposite sides of the pin 
array. Light emitted by the emitter and received by the detector will be along a line (Le. ? a 
"line-of-sighf ) indicated by the dashed line 1306 that is at a predetermined angle relative to 
the X and Y axis of the printhead in order to allow individual pins to be separately detected. 

10 In use, the printhead and/or the emitter/detector pair are moved relative to each other along 
the X or Y axis. Each pin in the printhead can separately interrupt light between the 
emitter/detector pair at some predetermined time period during the scanning. Accordingly, 
each pin location can be separately examined for the presence or absence of a pin. 

Figure 14 illustrates an optical sensor apparatus 1400 in accordance with another 

15 embodiment of the invention. The apparatus 1400 examines the pinheads 104 of the pins 102 
in a printhead 1 10 to determine the presence of pins. As shown in the drawing, the spotting 
instrument is equipped with a test step 1402. The printhead 1 10 is raised and lowered to 
sequentially position each pin aperture above the test step 1402. If there is a pin present in 
the aperture as shown in Figure 14, the pinhead 104 will be raised relative to the other pins 

20 and the printhead 1 10. The apparatus 1400 includes an optical emitter 1404 and an optical 
detector 1406 positioned above the printhead, which detect the presence or absence of a pin in 
the aperture based on whether or not the light signal from the emitter to detector is 
interrupted. 

Although not shown, the apparatus 1400 could be provided with multiple 
25 emitter/detector pairs to simultaneously examine an entire row of pins in the printhead. In 
this case, the test step should be configured to support the entire row. The emitter/detector 
pairs will transmit and receive optical signals along lines perpendicular to the row of pins 
being examined. 
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In accordance with a further alternative embodiment of the invention, a non-optical 
sensor could be used in place of the optical sensor apparatus 1400 shown in Figure 14. One 
such sensor could comprise an air-core coil inductor (similar to that described above with 
respect to Figures 9A and 9B) as an inductive sensor above the printhead. The sensor could 
5 be positioned above the printhead and lowered over the pin aperture being examined. If a pin 
exists in the aperture, the pinhead of the pin will be raised (since the pin will be supported by 
the test step) and inserted into the core of the air-core coil. The presence of the pinhead in the 
core would significantly increase the coil's inductance, which could be sensed as an 
impedance change in a circuit that passes AC current through the coiL 

10 In a further alternative embodiment, other types of inductive sensors could be used in 

place of the air-core coil sensor. For example, a dual-coil induction sensor of the type 
described above in Figure 10 could be used. In addition, sensors other than inductive sensors 
could be used. For example, a microswitch (similar to that described in Figures 7 A and 7B 
above) or a Hall-effect sensor could be used to detect a raised pinhead. 

15 Figure 15 illustrates a sensing apparatus 1500 in accordance with yet another 

embodiment of the invention. This apparatus includes an optical emitter 1502 and an optical 
detector 1504 positioned to detect a pin tip 107 located between a pair of test steps 1506. 
Accordingly, the printhead 1 10 is raised and lowered relative to the test steps 1506 to 
sequentially position each pin aperture in the printhead 110 at a location above the sensing 

20 area (Le., between the two test steps). If a pin 102 is located in the aperture, the pin tip 107 
will interrupt the optical beam or signal from the emitter 1502 to the detector 1504 and 
thereby be sensed. One advantage of the sensing mechanism 1500 is that no wiring or 
mechanism is needed on the printhead itself. 

Other types of optical sensors can also be used to detect pins in a printhead including, 

25 e.g., reflective optical sensors. A reflective optical sensor emits a light signal and detects a 
reflection of the signal from the object being sensed. Such an optical sensor would be 
positioned proximate the pin aperture to be sensed. If a pin is located in the aperture, the 
sensor would receive and detect a reflective optical signal If no pin were present in the 
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aperture, the sensor would receive no reflective signaL A reflective optical sensor could be 
used in each of the optical sensing apparatus described above. 

Co-pending U.S. Patent Application Serial No. entitled 

METHOD AND APPARATUS FOR PRODUCING COMPACT MICRO ARRAYS 

5 (Attorney Docket No. GSI-002) and filed on even date herewith is incorporated herein by 
reference. That application describes various pin lifter mechanisms that can be used to 
produce compact microarrays. Microarray spotting instruments constructed according to the 
present invention may use those pin lifter mechanisms in conjunction with the sensor 
apparatus described in the present application to facilitate production of microarrays. For 

10 example, if the sensors detect that no pin is mounted within a particular pin aperture in the 
printhead, then the spotting instrument will know that the pin-lifter for that aperture need not 
be activated. Sensors could also be used to detect which, if any, pins are mounted within the 
group of apertures controlled by a pin-lifter. Also, in accordance with the invention, if the 
pin detection apparatus senses that a pin is stuck in an up (Le., a raised) position, the spotting 

15 instrument can automatically reconfigure the instrument control sequence to avoid using the 
stuck pins via the pin lifter. The pin lifter preferably has sufficient travel to avoid dipping the 
pin into the sample, preferably at least 5 mm. 

Since certain changes may be made in the above apparatus without departing from 
the scope of the invention herein involved, it is intended that all matter contained in the 

20 above description or shown in the accompanying drawing shall be interpreted in an 
illustrative and not a limiting sense. 



Claims 

1. A method of determining which pin locations in a printhead of a micro array spotting 
instrument are occupied by pins, comprising: 

providing a pin detection apparatus; and 

using the pin detection apparatus to automatically detect whether a pin is present in given 
pin locations. 

2. The method of Claim 1 wherein said pin detection apparatus comprises a sensor to sense 
whether a pin is present in a given pin location. 

3. The method of Claim 2 wherein said sensor comprises a contact and circuitry for 
detecting electrical conduction between said contact and said pin. 

4. The method of Claim 3 wherein said contact comprises a probe hole in a printed circuit 
board. 

5. The method of Claim 3 wherein said contact is compliant. 

6. The method of Claim 5 wherein said contact is spring-mounted. 

7. The method of Claim 5 wherein said contact comprises a conductive rubber pad. 

8. The method of Claim 2 wherein said sensor senses the presence of the pinhead of the pin. 

9. The method of Claim 2 wherein said sensor senses the presence of a tip of the pin. 

10. The method of Claim 2 wherein said sensor comprises a strain gage sensor. 

11. The method of Claim 2 wherein said sensor comprises a piezoelectric sensor element. 

12. The method of Claim 2 wherein said sensor comprises a micro-switch. 

13. The method of Claim 2 wherein said sensor comprises a capacitive sensor. 

14. The method of Claim 2 wherein said sensor comprises an inductive sensor. 

15. The method of Claim 14 wherein said inductive sensor comprises an air-core coil 
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inductor including a hole for receiving at least a portion of a pin. 

16. The method of Claim 14 wherein said inductive sensor comprises a pair of spaced apart, 
but proximate coils each adapted for receiving a portion of a pin. 

17. The method of Claim 2 wherein said sensor comprises an optical sensor. 

18. The method of Claim 1 wherein said pin detection apparatus comprises a plate with a 
hole, and wherein using said pin detection apparatus comprises: 

applying a vacuum to said hole; 

positioning said printhead relative to said plate such that if a pin were located in a given 
pin location of said printhead, said pin would be inserted in said hole; and 
sensing any pressure changes in said hole. 

19. The method of Claim 1 wherein said pin detection apparatus comprises a surface with a 
step, and wherein using said apparatus comprises: 

positioning said printhead relative to said step such that a given pin location is positioned 
above said step and if a pin were located in said given pin location, said pin would be supported 
by said step and a pinhead of said pin would be raised relative to the printhead; and 

sensing any pinhead raised relative to said printhead. 

20. The method of Claim 1 wherein said pin detection apparatus includes an array of sensor 
elements corresponding in arrangement to said pin locations in said printhead for simultaneously 
detecting the presence of pins in each pin location. 

21. The method of Claim 1 wherein said pins comprise solid pins. 

22. The method of Claim 1 wherein said pins comprise split pins. 

23. The method of Claim 1 wherein said pins comprise tubular pins. 

24. The method of Claim I further comprising using the pin detection apparatus to 
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automatically detect whether a pin is stuck in a raised position in the printhead. 

25. An apparatus for determining which pin locations in a printhead of a microarray spotting 
instrument are occupied by pins, comprising at least one sensor element to automatically detect 
whether a pin is present in each said pin location. 

26. The apparatus of Claim 25 wherein said at least one sensor element comprises a contact 
and circuitry for detecting electrical conduction between said contact and said pin. 

27. The apparatus of Claim 26 wherein said contact comprises a probe hole in a printed 
circuit board. 

28. The apparatus of Claim 26 wherein said contact is compliant. 

29. The apparatus of Claim 26 wherein said contact is spring-mounted. 

30. The apparatus of Claim 26 wherein said contact comprises a conductive rubber pad. 

31. The apparatus of Claim 25 wherein said at least one sensor element senses the presence 
of the pinhead of the pin. 

32. The apparatus of Claim 25 wherein said at least one sensor element senses the presence 
of a tip of the pin. 

33. The apparatus of Claim 25 wherein said at least one sensor element comprises a strain 
gage sensor. 

34. The apparatus of Claim 25 wherein said at least one sensor element comprises a 
piezoelectric sensor element. 

35. The apparatus of Claim 25 wherein said at least one sensor element comprises a micro- 
switch. 

36. The apparatus of Claim 25 wherein said at least one sensor element comprises a 
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capacitive sensor. 

37. The apparatus of Claim 25 wherein said at least one sensor element comprises an 
inductive sensor. 

38. The apparatus of Claim 37 wherein said inductive sensor comprises an air-core coil 
inductor including a hole for receiving at least a portion of a pin. 

39. The apparatus of Claim 37 wherein said inductive sensor comprises a pair of spaced 
apart, but proximate coils each adapted for receiving a portion of a pin. 

40. The apparatus of Claim 25 wherein said at least one sensor element comprises an optical 
sensor. 

41. The apparatus of Claim 25 wherein said at least one sensor element comprises a vacuum 
sensor including a plate with a hole, means for applying a vacuum to said hole, and a pressure 
transducer at said hole for sensing pressure changes at said hole from placing a pin in said hole. 

42. The apparatus of Claim 25 wherein said at least one sensor element comprises a surface 
with a step and a sensor for detecting a raised pinhead of a pin in the printhead when the 
printhead is positioned relative to said step such that said pin is supported by said step. 

43. The apparatus of Claim 25 wherein said at least one sensor element comprises an array of 
sensor elements corresponding in arrangement to said pin locations in said printhead for 
simultaneously detecting the absence or presence of pins in each pin location. 

44. The apparatus of Claim 25 wherein said pins comprise solid pins. 

45. The apparatus of Claim 25 wherein said pins comprise split pins. 

46. The apparatus of Claim 25 wherein said pins comprise tubular pins. 

47. The apparatus of Claim 25 wherein said at least one sensor element also automatically 
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detects whether a pin is stuck in a raised position in the printhead. 

48. A microarray spotting instrument comprising: 
a printhead for holding a plurality of pins; 

a substrate station for holding at least one microarray substrate; 
a well station for holding sample material to be deposited on said at least one microarray 
substrate using said printhead; 

a positioning mechanism for moving said printhead; 

a controller for controlling movement of said printhead; and 

a pin detection apparatus for automatically detecting the absence or presence of pins in 
one or more pin locations in said printhead. 

49. In a microarray spotting instrument, a method of providing to a controller operating the 
instrument information on which pin locations in a printhead in the instrument are occupied by 
pins, comprising: 

automatically sensing whether a pin is present in a pin location and generating a signal 
indicative thereof; and 

transmitting the signal to the controller. 

50. A method of determining whether a pin in a printhead of a microarray spotting instrument 
is stuck in a raised position, comprising: 

dipping tips of pins mounted in the pinhead into a reservoir of target material; 
positioning the printhead over a microarray substrate to be spotted; 
lowering the printhead to bring the tips of the pins into contact with the substrate to print 
spots on the substrate and, in the process, moving the pins in the printhead into raised 
positions relative to the printhead; 

raising the printhead to separate the pins from the substrate; and 

using a pin detection apparatus to automatically detect whether a pin in the printhead is 

stuck in a raised position, 

51. The method of Claim 50 further comprising stopping operation of the spotting instrument 
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when a pin is detected to be stuck in a raised position. 

52. The method of Claim 50 further comprising issuing an alert when a pin is detected to be 
stuck in a raised position. 

53. The method of Claim 50 further comprising reconfiguring an instrument control sequence 
to avoid using a pin detected to be stuck in a raised position. 
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METHOD AND APPARATUS FOR AUTOMATIC PIN DETECTION IN 
MICROARRAY SPOTTING INSTRUMENTS 

Abstract of the Disclosure 

A method and apparatus are provided for automatically sensing the presence (or 
absence) of spot dispensers such as pins in various possible mounting locations in the printhead 
of a microarray spotting instrument. Pin-location data obtained by the method and apparatus is 
provided to the computer controller of the instrument, which uses the data to control the motion 
of the printhead during operation of the instrument. A pin detection apparatus includes one or 
more sensor elements that automatically sense possible pin locations in the printhead for the 
presence of pins. The sensor elements are preferably arranged in an array corresponding to the 
array of pin locations in the printhead so that pin detection at each pin location can be 
performed simultaneously. Various types of sensor elements can be used to locate pins in a 
printhead. For example, sensors can be used that are remote from or attached to a printhead. 
Pin sensors can be used that sense pin locations from various positions relative to the printhead 
including above or below the printhead. Also, pin sensing can be by contact or non-contact 
mechanisms. The method and apparatus allow pin positions in a printhead to be quickly and 
accurately determined, and without significant risk of damaging the pins, which are fragile. 
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DECLARATION AND POWER OF ATTORNEY 
(Attorney Docket No: 109.629.111) 

As below-named inventors, We hereby declare that: 

Our residences, post office addresses and citizenship are as stated below next to our names. 

We believe that we are the original, and only inventors of the subject matter which is claimed and 
for which a patent is sought on the invention entitled: 

METHOD AND APPARATUS FOR AUTOMATIC DETECTION 
IN MICROARRAY SPOTTING INSTRUMENTS 

the specification of which (check only one): 

[X] is attached hereto. 

[ ] was filed as United States Patent Application 

Serial No. 

on 

and was amended 

on 

(if applicable) 

[ ] was filed as PCT Patent Application 

Serial No. .„ 

on — 

and was amended under PCT Article 19 

on 

(if applicable) 

We hereby state that we have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

We acknowledge the duty to disclose information which is material to the patentability of the 
claims of this application in accordance with Title 37, CFR § 1.56(a) and § 1.56(b). We also acknowledge 
the duty to disclose all information which is material to the patentability as defined in 37 CFR §1.56, 
which became available between the filing date of the prior application and the national or PCT 
international filing date of the continuation-in-part application. 
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We hereby claim foreign priority benefits under Title 35, United States Code, §119(a)-(d) or 
365(b) of any foreign application(s) for patent or inventor's certificate or 365(a) of any PCT international 
application(s) designating at least one country other than the United States of America listed below and 
have also identified below any foreign application(s) for patent or inventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of America filed 
by us on the same subject matter having a filing date before that of the application(s) of which priority is 
claimed: 



PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS 
UNDER 35 U.S.C. §1 L9(a)-(d) or 365(b), or 365(a): 



COUNTRY 
(if PCT indicate 
PCT) 


APPLICATION NUMBER 


DATE OF FILING 


PRIORITY CLAIMED 
UNDER 35 U.S.C. §119 
(YES/NO) 











I hereby claim benefit under 35 U.S.C §1 19(e) of any United States provisional application(s) listed 
below: 



Application Number(s) 


Filing Date (MM/DD/YYYY) 








Additional provisional application 
numbers are listed on a supplemental 
priority data sheet PTO/SB/02B attached 
hereto. 



We hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) or 365(c) of any PCT international application(s) designating the United States of America 
that is/are listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in that/those prior application(s) in the manner provided by the first paragraph of Title 35, United 
States Code, §112, we acknowledge the duty to disclose material information as defined in Title 37, Code 
of Federal Regulations, §1.56 which occurred between the filing date of the prior applications and the 
national or PCT international filing date of this application: 



PRIOR U.S. APPLICATION OR PCT INTERNATIONAL APPLICATION(S) 
DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. §120 or 365(c): 



APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


STATUS: (PATENTED, PENDING 
OR ABANDONED) 
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POWER OF ATTORNEY: As named inventors, We hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith. 



James B. Lampert Reg. No. 24,564 

Wayne M. Kennard Reg. No. 30,27 1 

Michael J. Bevilacqua Reg. No. 3 1 ,09 1 

Holly L. Baker Reg. No. 3 1 ,32 1 

Henry N. Wixon Reg. No. 32,073 

Donald R. Steinberg Reg No. 37,241 

Wayne A. Keown, Ph.D. Reg. No. 33,923 

Ann-Louise Kerner, Ph.D. Reg. No. 33,523 

Michael A. Diener Reg. No. 31,122 

Colleen Superko Reg. No. 39,850 

Richard Goldenberg Reg. No. 38,895 

Gretchen Rice, Ph.D. Reg. No. 37,429 

Peter M. Dichiara Reg No. 38,005 

Scott M. Alter Reg. No. 39,850 

Barbara A. Barakat Reg. No. 32,190 

Edward D. Grieff Reg. No. 38,898 

Jason A. Reyes Reg. No. 4 1 ,5 1 3 

Rajesh Vallabh Reg. No. 35,761 

Nancy Chiu, Ph.D. Reg. No. 43,545 

Keum J. Park Reg. No. 42,059 

Janice M. Klunder, Ph.D. Reg. No. 41,121 



the mailing address and telephone number of each of whom is HALE AND DORR, 60 State Street, 
Boston, Massachusetts 02109, (617) 526-6000. 



Send Correspondence to: 
Richard A. Goldenberg 

HALE AND DORR LLP 
60 State Street 

Boston, Massachusetts 02109 



Direct Telephone Calls to: 
Richard A. Goldenberg 

(617) 526-6000 
(617) 526-5000 



Wherefore we petition that letters patent be granted to us for the invention or discovery described 
and claimed in the attached specification and claims, and hereby subscribe our names to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

We hereby declare that all statements made herein of our own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 
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Full name of first inventor; Mack J. Schermer 

Inventor's signature Date 

Residence: 284 Lake Street, Belmont, Massachusetts 02478 
Citizenship: U.S.A. 

Post Office Address: 284 Lake Street, Belmont, Massachusetts 02478 



Full name of second inventor: C. Brian Candiloro 

Inventor's signature — Date 

Residence: 388 Crescent Street, Waltham, Massachusetts 02153 
Citizenship: U.S.A. 

Post Office Address: 388 Crescent Street, Waltham, Massachusetts 02153 
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